Objective: Identifying factors associated with glycemic control in people with type 2 Diabetes Mellitus (DM) registered in the Family Health Strategy (FHS) in Pernambuco, Brazil. Method: Associations between glycemic control (glycosylated hemoglobin A lower or equal to 7%) presented by people with DM and variables related to sociodemographic conditions, lifestyle, characteristics of diabetes, treatment and follow-up of patients by health services were investigated by multiple regression. Results: More than 65% of the participants presented inadequate glycemic control, especially those with lower age, longer illness duration, more annual contacts with FHS and complex therapeutic regimen. People with DM without referrals to specialists presented greater glycemic control. Associations with education level and obesity did not remain significant in the multivariate model. Conclusion: The evolution of diabetes hinders adequate control, however, attention to younger people with DM and referrals to specialists are factors that can improve glycemic control. 
INTRODUCTION
During the last century, changes in the epidemiological profile of the population have been observed resulting from the process of epidemiological transition marked by an increase in Chronic Non-communicable Diseases (CNCD) (1) , among them Diabetes Mellitus (DM). In 2010, there were 285 million adults (20-79 years) with DM, 6 .4% in terms of worldwide prevalence (2) . In Brazil, according to VIGITEL (Vigilância de Fatores de Risco e Proteção para Doenças Crônicas por Inquérito Telefônico -Telephone-based Surveillance of Risk and Protective Factors for Chronic Diseases) research under the Ministry of Health, the percentage of adults who reported having a diagnosis of DM in considering Brazilian capitals and the Federal District in 2013, corresponded to 6.9%. For the Northeast and the capital of Pernambuco, the percentage was 6.3% and 6.1%, respectively (3) . For the effective control of DM, in addition to evaluating blood pressure, lipid levels and aspects related to physical activity and diet, it is essential that glycemic values are constantly evaluated, since they reflect the adequacy and effectiveness of the current therapeutic plan. Among the measurements for evaluating glycemic control, glycosylated hemoglobin A (hemoglobin A1c) stands out as being considered the standard for long-term evaluation of glycemic control (4) . As important as the data on glycemic control are the factors that can potentially influence them, so that knowledge of these aspects allows health interventions to be adapted, possibly resulting in the improved clinical condition of people with DM (5) . Few studies on this aspect are available in Brazil, and to the authors' knowledge, none have been carried out on a representative sample of people with diabetes in primary care. In this context, this article aims to identify the factors associated with glycemic control presented by people with type 2 DM enrolled in the Family Health Strategy (FHS), as selected to represent this population in the state of Pernambuco, Brazil.
METHOD
This is a quantitative sectional study. The data considered came from the SERVIDIAH study (Evaluation of Health Care Services for Diabetics and Hypertensives within the Family Health Program), conducted between November 2009 and December 2010, with a probabilistic sample of people with type 2 DM registered at the FHS in the state of Pernambuco, Brazil (6) . The sample design of the SERVIDIAH study was conceived in such a way as to allow representativeness of the municipalities of Pernambuco according to their size, with large municipalities (Recife, Caruaru and Petrolina) chosen by the representativeness criterion, and 16 medium-sized and 16 small-size municipalities randomly selected by draw. Family Health teams were drawn in each municipality based on the ratio of the total of the teams operating in the state of Pernambuco in August 2008, according to the last report of the National Registry of Health Facilities (Cadastro Nacional de Estabelecimentos de Saúde -CNES). Fifteen percent (15%) of the total Family Health teams of the municipalities were randomly drawn in proportion to the population size, and another systematic draw of between 3 and 6 was carried out for each of the teams (depending on the size of the municipality) of people with DM (Inclusion criterion of age being greater than or equal to 20 years), based on the manual registry of Community Health Agents (CHA), thus totaling 822 participants. This process did not require estimating the population or the number of people with DM in the participating municipalities in order to carry out the draw. Of the total number of interviewees in the SERVIDIAH study, this article only considered the data of participants with valid results of hemoglobin A1c, totaling a sample of 787 people.
Data were collected by field researchers previously trained for interviewing. A structured questionnaire specifically designed by the researchers for this study was used, containing variables related to the history of the chronic condition and its follow-up by the FHS, socioeconomic indicators, lifestyle, healthcare expenses, complications, anthropometric measurements (weight, height, waist and hip circumferences), blood pressure, and hemoglobin A1c levels, among others. Hemoglobin A1c levels were performed on a capillary blood sample by a portable device which provided the result within a few minutess (in2it®, by Bio-Rad).
After being informed about the objectives and procedures of the study, as well as signing the Clear and Informed Consent Form, participants were interviewed at home or in the FHS team's room/office. The The dependent variable corresponded to glycemic control, being categorized according to the Brazilian Society of Diabetes (4) , so that participants with hemoglobin A1c lower than 7% were considered people with DM with adequate glycemic control, and those with hemoglobin A1c greater than or equal to 7% were people with inadequate glycemic control.
The explanatory variables involved socioeconomic and demographic characteristics, basic health actions (follow-up/ access to treatment), aspects related to the effects/control produced by care such as drug treatment, modifiable risk factors (lifestyle) and clinical characteristics. Among the modifiable risk factors, leisure physical activity was categorized as "yes" or "no" (sedentary). Among the clinical characteristics, the complications resulting from DM considered were: complications in the eyes (questioned as eye complication confirmed by professional); complications in the kidneys (questioned as a malfunction of the kidneys due to DM); cardiovascular diseases (questioned as heart problem due to DM); persistent sexual problems (only questioned for men); neuropathy (questioned as unbearable and permanent pain/ itchiness in the lower limbs).
In addition, anthropometric measurements and blood pressure were also considered. Weight was measured using a Tanita BC553 digital scale (Tanita Corporation, Tokyo, Categorical variables were described by absolute and relative frequency calculations, and continuous variables were reported by mean (± standard deviation). Chi-square test and Fisher's exact test were adopted for testing association of categorical variables, when necessary. Student's t-test was used for the continuous variables. In order to measure the effect of the independent variables on the analyzed outcome, a multiple logistic regression model was used with a robust estimate of variance, with Odds Ratio (OR) being the analyzed effect measure (with its respective confidence intervals of 95%). A forward multivariate analysis was implemented having a significance of up to 20% (p < 0.20) in the univariate analysis as input criterion, and significance of up to 10% (p < 0.10) as output criterion. Data analysis was performed using R statistical software, version 2.13.1., and using a 5% significance level as reference.
RESULTS
Of the 787 participants selected for the study, 68.2% were female and the mean age was 61.1 (± 13.1) years. Regarding socioeconomic level, 85.5% were illiterate or had incomplete elementary education, the majority were retired (59.8%), and 31.9% had income below a minimum wage. According to the lifestyle, 29.7% practiced leisurely physical activity, 69.4% had a healthy diet and 12.8% were smokers (Table 1) .
Of the total, 242 people with DM were classified as controlled regarding glycemic level (Hemoglobin A1c < 7%), which corresponds to a prevalence of 30.7% (CI 95%: 27.5-34.0%); Hemoglobin A1c mean was 8.7% ± 2.4%.
With respect to sociodemographic and lifestyle variables ( Table 1) , it was shown that inadequate glycemic control was more frequent as to the duration of increased diabetes. In addition, the mean age of those with DM with inadequate control was lower compared to those with well-controlled DM. There was a tendency for better adequacy of glycemic control as the educational level increased, with significant OR for people with DM who completed high school education or higher. The risk of inadequate control was significantly higher in the category of workers without income (housewives and students). There were no significant associations between glycemic control and lifestyle, gender or income. Regarding clinical aspects, 73.6% were overweight or obese, and 39.1% of the respondents had at least two complications due to DM (Table 2) .
In relation to follow-up, treatment and health status variables (Table 2) , inadequate glycemic control appeared more frequently among people with DM with normal weight who reported having three or more complications of the disease, and those non-referred to endocrinologist or cardiologist in the last 12 months. Inadequate glycemic control was also more frequent as drug treatment became more complex and less frequent when the user had no contact with the FHS in the past 12 months. The final model showed that variables such as: age in its continuous form, duration of illness, therapeutic regimen, referral to the endocrinologist, and number of contacts with the FHS during the 12 months prior to the interview remained associated with inadequate glycemic control (Table 3) . Younger people with DM with a longer duration of the disease, a complex therapeutic regimen involving more than one OAD (oral antidiabetic) and/or insulin, who were not referred to an endocrinologist during the 12 months prior to the research, and those with more contacts with the FHS in the same period were significantly more likely to have inadequate glycemic control. 
DISCUSSION
The results of this study showed a high prevalence of inadequate glycemic control (69.3%) among the participants. Similar to other studies conducted in Primary Health Care (PHC) outside Brazil (7) (8) (9) (10) (11) , younger people with DM were more likely to have inadequate glycemic control. This result may be associated with the fact that older people with DM may be retired, and consequently have more time for self-care and DM monitoring (8) . In addition, a behavioral reason can be considered for this result, since older adults are more likely to perform self-monitoring of blood glucose more frequently (12) , a behavior that has a positive impact on glycemic control (4) . The participants with longer duration of the disease were significantly more likely to have inadequate glycemic control, which can be explained by the progressive evolution characteristic of the disease (3) . The high rate of illiteracy among the studied subjects with DM stands out. The prevalence of inadequate glycemic control was not associated with this variable in the final model, although the results may point to a more adequate control tendency when the level of education increases, corroborating the results of other studies (13) (14) (15) (16) which demonstrated that having a higher education level is associated with better glycemic control. One justification for this may be a tendency for people with a higher education level to be more concerned about adhering to the prescribed therapy, as well as to comply with the clinical recommendations proposed by the health team involved (12) (13) . The variable of occupation was significantly associated with glycemic control for housewives/students. Other studies (8) (9) 17) have suggested that having an occupation (represented in the forms of occupation and housewife/student categories) corresponds to a risk factor for the occurrence of inadequate glycemic control. This may be associated with the fact that people with DM that have an occupation have less free time to manage and monitor their illness (8) , a justification also applied to housewives and students. It is worth mentioning that interpersonal family stress associated to its role in family conflicts, including daily responsibilities, may also influence glycemic control (18) . However, this variable did not remain significant in the multivariate model.
Regarding lifestyle, the frequency of participants who performed some physical activity and declared adopting a healthy diet at the time of the interview was low, considering the importance of these habits for effective glycemic control (4) . Although the literature indicates this association between glycemic control and healthy lifestyle, a positive statistical relationship between the variables of this context and glycemic control was not found, and was a result also observed in other studies developed in the PHC (19) . The BMI variable was inversely related to glycemic control, unlike that found in other studies (5, 9, 20) . The most likely explanation for this result is the understanding of the causal relationship between the explanatory variable and the outcome variable: adequate glycemic control can cause weight gain instead of weight gain improving glycemic control (21) (22) . It is worth noting that the variable did not remain associated to glycemic control in the multivariate analysis.
Glycemic control, in addition to blood pressure and lipid control, physical activity and nutritional monitoring are important protection factors in relation to complications due to DM (4) . In the present study, the frequency of complications was considerable and superior to that found in other studies (23) , and it may reflect the high prevalence of poor glycemic control. However, another explanation may be that these complications were only sought by questions asked of interviewed people with DM, without direct verification of their existence. In addition, respondents were not always able to respond accurately. Corroborating the literature (4, (24) (25) , the present study presented a positive statistical relationship between inadequate glycemic control and the occurrence of DM-related complications, although this variable was not maintained in the final model, perhaps because it was closely linked to the duration of diabetes.
The frequency of participants who had no contact with the FHS during the year prior to the interview was high and reflects the need for changes in relation to the services provided in the context of PHC. People with DM having more contact with FHS were more likely to have inadequate glycemic control; a result found in other studies in the context of PHC (20) . This result suggests that FHS action should be rethought so that participants with adequate glycemic control have a higher frequency of contacts with the health system, thus decreasing the probability of progressing to a clinical picture of inadequate glycemic control.
Participants referred to endocrinologists and cardiologists during the year prior to the interview had a significantly lower probability of having inadequate glycemic control, considering that referral to the former remained in the final regression model. The prescription of treatment as recommended by the guidelines by the specialists may also be one of the justifications for this difference in favor of the specialists in relation to PHC professionals, as well as the experts' greater propensity to request further preventive health examinations such as lipid/cholesterol testing, thereby allowing more frequent evaluation of the metabolic control of people with DM, and making it difficult to progress to an 
RESUMEN

Objetivo:
Identificar los factores asociados con el control glucémico en personas con Diabetes Mellitus (DM) tipo 2 registradas en la Estrategia Salud de la Familia (ESF) en Pernambuco, Brasil. Método: Fueron investigadas, por regresión múltiple, las asociaciones entre el control glucémico (hemoglobina A glicosilada menor o mayor o igual al 7%) presentado por las personas con DM y variables relacionadas con condiciones sociodemográficas, hábitos de vida, características de la diabetes, de su tratamiento y seguimiento de los pacientes por los servicios sanitarios. Resultados: Más del 65% de los participantes presentaron control glucémico inadecuado, especialmente aquellos de menos edad, duración de la enfermedad más larga, más contactos anuales con la ESF y régimen terapéutico complejo. Personas con DM sin derivaciones a especialistas presentaron un mayor descontrol glucémico. Asociaciones con escolaridad y obesidad no permanecieron significativas en el modelo multivariado. Conclusión: La evolución de la diabetes dificulta el control adecuado. Sin embargo, la atención a las personas con DM más jóvenes y las derivaciones a especialistas son factores susceptibles de mejora del control glucémico. inadequate glycemic control (7) . But the very fact that PHC refers people with DM to specialists also points to greater care in the management of these patients, which in itself can positively influence glycemic control.
DESCRIPTORES
In the context of FHS activities, although participation in educational activities was shown to be an important indicator of adherence to the therapeutic regimen and benefits in the treatment and control of DM (26) (27) , no positive association was found between this variable and the studied outcome variable, and it is important to consider the low frequency of people with DM who reported having participated in some educational activity in the year prior to the interview. This proportion was similar to that found in another study (28) , which may justify the absence of this positive association in the present study.
The variable referring to the therapeutic regimen was independently associated with glycemic control, so that people with DM using insulin with or without associated OAD presented a significantly higher probability of having an inadequate glycemic control remaining in the final regression model, and thus corroborating the results found in several studies in the literature (8, 10, 12, 19, (29) (30) . This result was already expected, since insulin is the last resort for DM treatment (4, 8) . This result must be interpreted in light of one of the major limitations of the analysis, namely the cross-sectional design of the study. Consequently, the most plausible explanation for the relationship found is that inadequate glycemic control leads to therapeutic escalation rather than the opposite, and it should be noted that changes in the regimen mainly reflect the interventions from the prescriber, and do not necessarily result in better glycemic control (21) .
CONCLUSION
We found a greater probability of inadequate glycemic control in younger people with longer duration of DM, having more contacts with the FHS, with fewer referrals to endocrinologists during the 12 months prior to the interview and with more complex pharmacological treatment. These results indicate the need for changes in the actions performed in the FHS context to obtain adequate glycemic control.
Although the determinants of glycemic control and the quality of DM care are multifaceted, complex and result from an interaction of the patient, healthcare and professional aspects involved, the results of this analysis suggest that improvements could come from paying more attention to younger people with DM, by reinforcing health actions in the context of PHC, and by more regularly referring patients to specialists when the need is evident.
Knowledge of these factors and how they act as barriers or facilitators of glycemic control favors accomplishment of appropriate health actions and an elaboration of individualized therapeutic plans, allowing for a collaborative approach centered on the patient aiming to obtain adequate glycemic control, with a subsequent positive impact in terms of socioeconomic costs and quality of life.
